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其次，研究了 AMESim 与 Simulink 联合仿真的潜艇容错控制系统。在 AMESim 中
对潜艇的艏艉舵按照实际的物理系统，并参照 ZHYSC-F 电液比例控制系统实验台中的
位置控制部分构建仿真模型。在 Simulink 中，利用 S 函数编写相应的故障诊断模块、
带状态约束的自适应H 状态反馈控制器及潜艇垂直面模型等模块。通过联合仿真接口
将 AMESim 内建立的艏艉舵模型与 Simulink 的控制系统模型连接起来进行联合仿真。 
最后，在 MATLAB 中验证了控制算法对潜艇垂直面控制的有效性。并在



































Submarine, as an integral part of contemporary navy forces, is one of the main types of 
naval ships, and is also an important manifestation of national naval strength. Submarines are 
mainly engaged in tactical missions near the sea, its daily near-surface navigation also 
includes general cruise and other operating conditions. When the submarine sails near surface, 
the working environment is complex and faces with many unknown situations, such as 
actuator failure, wave disturbance and so on. At the same time, taking into account the safety 
factors, the submarine states should be constrained. So actuator fault, wave disturbance and 
state constraints should be considered when we design the controller to submarine system. 
The main contents and achievements of this paper are as follows:  
Firstly, an integrated design of fault diagnosis, state constraints and adaptive 
fault-tolerant control for a submarine with bow and stern plane faults is proposed. An 
unknown input disturbance observer is given, and then an observer is designed to diagnose all 
of actuator faults by decoupling external disturbance from actuator faults. Then an adapting 
tracking law is designed to estimate the fault parameters of bow and stern planes. Meanwhile, 
submarine states should be constrained according the actual demand near the sea, so that its 
meets constrain targets when the actuators become faulty. And then, an adaptiveH state 
feedback fault-tolerant controller is designed by using the estimated fault parameters of bow 
and stern plane. 
Secondly, the fault-tolerant control system of submarine based on AMESim and 
Simulink Co-simulation is proposed. By referring to real system and the position control part 
of ZHYSC-F electro-hydraulic proportional control system, a model of bow and stern plane is 
built in AMESim. By using S-function, fault diagnosis module, the state-constrained adaptive
H state feedback controller and submarine vertical motion model is built correspondingly in 
Simulink. Through the Co-simulation interface, the model of bow and stern plane is built in 
AMESim is connected with the control system model in Simulink for collaborative 
simulation. 














  IV 
 
then the model of bow and stern plane is real-time controlled by using the controller of 
Simulink in the AMESim-Simulink simulation environment. The actual rudder angles which 
are returned back to Simulink also achieve good results in the control of submarine vertical 
motion. The results reflect the practical application of the control algorithm we proposed. 
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军 S-51 号潜艇，就因为与水面目标发生碰撞而不幸沉没。事故造成了 33 名艇员
的丧生。1961 年，美国海军某核潜艇上发生 SL-1 型反应堆故障并发生反应堆爆
炸，潜艇内 3 名艇员受到强烈的核辐射而不幸遇难。1989 年，前苏联“共青团
员号”M 级新型核动力攻击潜艇，因电气设备的故障而引发大火，火势造成的
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